Bovine digital dermatitis (DD), is a highly prevalent disease among dairy cattle 15 characterized by ulcerative and painful lesions. While multiple risk factors are involved 16 in the disease, its precise etiology remains unclear and the effectiveness of the current 17 control strategies still highly variable. However, and even if the main role of Treponema 18 spp. in the development of the disease is consistently recognized, the importance of 19 other bacterial communities and the factors affecting the skin environment remains 20 uncertain. The objective of this study was to investigate the dynamics of microbiotas 21 from feet affected by DD, before and after the implementation of disinfectant footbaths 22 under field conditions. During this investigation, the diversity, structure, and 23 composition of microbiotas from DD lesions over time were explored according to 24 different clinical factors. The findings of this investigation confirmed a particular 25 lesions evidenced a different structure and diversity in comparison to non-proliferative 30 lesions. The composition of microbiotas changed over time revealing the potential main 31 role of Treponema spp., Fusobacterium spp., Mycoplasma spp. and Porphyromonas 32 spp. in the dynamics of DD lesion progression. Further studies are necessaries to 33 confirm if the clinical evolution of DD lesions is driven by a particular microbiota and 34 how this microbiota induces disease. 35
microbiota related to DD lesions dominated by Treponema spp. and highly different 26 from those microbiotas of healthy skin. However, the diversity and structure of 27 microbiotas from DD lesions did not vary according to the usage of footbaths or 28 individual topical antibiotic treatments. Otherwise, microbiotas from proliferative 29
Introduction 51
The increased prevalence of lameness and its impact on the welfare and productivity 52 of animals reflects an important concern facing modern dairy farming. One of the main 53 causes of infectious lameness is bovine digital dermatitis (DD) 1 , a multifactorial and 54
The evolution over time of the DD lesion microbiotas is presented in figure S2 . The 150 microbiotas from healthy skin at day 0 and DD lesions at day 45 have a more disperse 151 configuration compared to the other time points (Figure S2 A) . Nevertheless, when 152 comparing all-time points together, no visual differences or cluster formations were 153 evidenced (Figure S2 B) . 154
The figure 2A displays the microbiotas according to the usage or not of footbath 155 disinfectants during the study period (DD samples from Day 15 until the end of the 156 study). Both microbiotas seem to share a similar cluster, however Fusobacterium spp.
between healthy skin and DD lesions at day 0, 55 ASV noticeably changed in the 175 control group and 70 ASV in the footbath group, and between both groups, they share 176 27 common ASV. In both groups, DD lesions at day 0 have i) increased abundances 177 of Treponema spp., Mycoplasma spp., Fretibacterium spp. and Campylobacter spp. The present investigation describes the differences between microbiotas from healthy 211 skin and those affected by DD lesions under field conditions. Additionally, for the first 212 time, the microbiota dynamics within affected feet were investigated during a period of 213 45 days measuring the impact of recognized factors, such as the usage of footbath 214 disinfectants. As expected, the microbiotas from DD lesions were dominated by 215
Treponema spp. and their configuration was largely different from those from healthy 216 skin microbiotas in terms of diversity, structure, and composition. Among the 217 microbiotas of DD lesions, noticeable changes were evidenced between the samples 218 at day 0 and those obtained at day 45. However, neither the usage of footbath 219 disinfectants nor IndTx seemed noticeably impact the general diversity and structure 220 of microbiotas. Otherwise, the microbiotas from non-proliferative lesions were 221 noticeably different from those of proliferative lesions. From the findings of this 222 investigation, a dynamic evolution was evidenced on the abundances of Treponema 223 spp., Fusobacterium spp., Mycoplasma spp. and Porphyromonas spp. during the 45 days of follow-up. Changes in the microbiota composition over time varied according 225 to the usage or not of footbaths. This investigation demonstrates for the first time how 226 microbiotas from DD lesions change over time under field conditions. 227
Our findings support the polymicrobial nature of DD highlighted in previous 228 investigations based on metagenomics approaches and are in line with previous 229 findings signaling Treponema spp. as the microorganism most related to DD lesions in 230 comparison to healthy skin 5,8,9 . Moreover, the skin microbiotas gathered in this study 231 partially share the same structure of microbiotas previously investigated on healthy 232 skin and DD lesions from dairy cattle 5,20 . In detail, the main bacteria linked to DD 233 lesions in previous investigations that were again identified by our findings include: 234
Treponema spp., Acholeplasma spp., Fusobacterium spp. 5,8,9 , Porphyromonas spp., 235
Prevotella spp. 12 , Corynebacterium spp. 9 , Tissierella spp., Mycoplasma spp. 8 , 236
unclassified Bacteriodetes, Firmicutes and Proteobacteria 11,12,20 . Contrarily, some 237 bacteria previously associated with DD, such as Dichelobacter nodosus 14,21 was not 238 related in this study to the lesions. Furthermore, the present study identified 239
Fretibacterium spp. an anaerobic bacteria not previously involved with DD but related 240 to human periodontitis, a disease that as well is associated with Treponemas spp. 22 . 241
Although notably changes in the abundances of Fretibacterium spp. were identified in 242 microbiotas from DD lesions in comparison to those from healthy skin, the identification 243 of this specific genus might be linked to regional particularities of the farms sampled. 244
However, being the first skin microbiotas assembled from dairy cattle in France, no 245 regional comparison can be done. Additionally, the fact that previous studies have not 246 linked this bacteria genus to DD lesions might be explained by the original statistical 247 procedures implemented in the analyses of our present study. Indeed, the relative 248 abundances of every sample were calculated after the standardization of the observed taxonomic groups according to their variance and not through procedures implemented 250 previously such as the rough normalization which may entail the loss of valuable 251 information 23 . In detail, when using rough normalization procedures for data analyses, 252 information from samples with a scarce number of sequences is excluded from the 253 dataset. In specific cases, such as healthy skin samples, the exclusion of this highlight with more precision the benefit of control strategies for DD in increasing the 271 microbiota diversity of the skin. As several risk factors at the farm level are involved 272 with the disease, such as hygienic conditions, differences in the microbial profile 273 according to the farms were expected. However, the small number of farms (n=5) and the small number of individuals sampled within farm restrain the exploration of factors 275 related to farm hygiene. Otherwise, while in this study the changes evidenced in the 276 microbiota allowed the clear distinction between diseased (M2-4-4.1) and healthy 277 states (M0), differences between allocation groups were not detected. Therefore, the 278 potential usefulness of this tool for measuring any effectiveness of control strategies 279 seemed inferior or at least different to standard observational methodologies such as 280 DD stages or lameness scoring. In terms of ethics, feasibility, and more importantly 281 precision, invasive methodologies (biopsies) are limited in large samples and, as 282 In conclusion, we have described the dynamics of the skin microbiota in feet affected 325 with DD lesions. The diversity and structure of microbiotas from DD lesions were 326 different from those of healthy skin but did not vary according to the usage of footbaths 327 or IndTx. Otherwise, microbiotas from proliferative lesions evidenced a different 
Study population 343
Five dairy farms were included in the study. The herds were composed exclusively of 344
Holstein cows to limit the putative breed effect, and on average 90 cows were milked 345 twice a day. The herds were housed in cubicles and the prevalence of active DD 346 lesions at the start of the study ranged from 20% to 40%. Cows were milked in a 347 rotatory or conventional milking-parlor. France)) 2 days apart. For the current investigation, from each farm, the owners have 360 chosen two animals suffering from a DD lesion. Therefore, the study population 361 consisted of 10 different affected feet from 10 different cows, 5 of those feet belonged 362 to the control side (no disinfectant) and the remaining 5 to the footbath solution side, 363 allowing to explore the putative short-term effects of the footbath solution on the skin 364 microbiota composition. The sampled cows were between their first and fifth parity, 365
and their days in milk ranged from 3 to 378 at the start of the study. 366 367
Follow-Up and Data Collection 368
Farms were visited by 2 investigators trained by practical lessons to practice the 369 biopsies. To perform the biopsies every cow was carefully restrained in a trimming 370 chute. The skin of the concerned foot was washed with water and then local anesthesia 371 was provided using Procaine 2% (Procamidor™, Axience, France). Thereafter, the foot 372 skin was rinsed and brushed with a PBS solution before to perform the sample with a 373 sterile biopsy punch (6 mm). The incisional samples were again washed with sterile PBS solution, cut tangentially into two approximately equal parts. One half was stored 375 in 10% neutral buffered formalin solution for histological evaluation, and the other half 
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